Interference with the 19S proteasomal regulatory complex subunit PSMD4 on the sperm surface inhibits sperm-zona pellucida penetration during porcine fertilization.
Proteolysis of ubiquitinated sperm and oocyte proteins by the 26S proteasome is necessary for the success of mammalian fertilization, including but not limited to acrosomal exocytosis and sperm-zona pellucida (ZP) penetration. The present study examined the role of PSMD4, an essential non-ATPase subunit of the proteasomal 19S regulatory complex responsible for proteasome-substrate recognition, in sperm-ZP penetration during porcine fertilization in vitro (IVF). Porcine sperm-ZP penetration, but not sperm-ZP binding, was blocked in the presence of a monoclonal anti-PSMD4 antibody during IVF. Inclusion in the fertilization medium of mutant ubiquitins (Ub+1 and Ub5+1), which are refractory to processing by the 19S regulatory complex and associated with Alzheimer's disease, also inhibited fertilization. This observation suggested that subunit PSMD4 is exposed on the sperm acrosomal surface, a notion that was further supported by the binding of non-cell permeant, biotinylated proteasomal inhibitor ZL3VS to the sperm acrosome. Immunofluorescence localized PSMD4 in the sperm acrosome. Immunoprecipitation and proteomic analysis revealed that PSMD4 co-precipitated with porcine sperm-associated acrosin inhibitor (AI). Ubiquitinated species of AI were isolated from boar sperm extracts by affinity purification of ubiquitinated proteins using the recombinant UBA domain of p62 protein. Some proteasomes appeared to be anchored to the sperm head inner acrosomal membrane, as documented by co-fractionation studies. In conclusion, the 19S regulatory complex subunit PSMD4 is involved in the sperm-ZP penetration during fertilization. The recognition of substrates on the ZP by the 19S proteasomal regulatory complex is essential for the success of porcine/mammalian fertilization in vitro.